The crystal structures of dichloridopalladium(II), -platinum(II) and -rhodium(III) complexes containing 8-(diphenylphosphanyl)quinoline, (3) [systematic name: cis-dichloridobis(8-diphenylphosphanylquinoline)rhodium(III) hexafluoridophosphate dichloromethane/methanol hemisolvate] are reported. In these complexes, the phosphanylquinoline acts as a bidentate ligand, forming a planar asymmetrical five-membered chelate ring. The palladium(II) and platinum(II) complex molecules in (1) and (2), respectively, show a typical square-planar coordination geometry and form a dimeric structure through an intermolecular -stacking interaction between the quinolyl rings. The centroid-centroid distances between the stacked sixmembered rings in (1) and (2) are 3.633 (2) and 3.644 (2) Å , respectively. The cationic rhodium(III) complex in (3) has a cis(Cl),cis(P),cis(N) (OC-6-32) configuration of the ligands, in which two kinds of intramolecular -stacking interactions are observed: between the quinolyl and phenyl rings and between two phenyl rings, the centroid-centroid distances being 3.458 (2) and 3.717 (2) Å , respectively. The PF 6 À anion in (3) is rotationally disordered, the site occupancies of each F atom being 0.613 (14) and 0.387 (14). The CH 2 Cl 2 and CH 3 OH solvent molecules are also disordered and equal site occupancies of 0.5 are assumed.
The crystal structures of dichloridopalladium(II), -platinum(II) and -rhodium(III) complexes containing 8-(diphenylphosphanyl)quinoline, (SP-4)-[PdCl 2 (C 21 (3) [systematic name: cis-dichloridobis(8-diphenylphosphanylquinoline)rhodium(III) hexafluoridophosphate dichloromethane/methanol hemisolvate] are reported. In these complexes, the phosphanylquinoline acts as a bidentate ligand, forming a planar asymmetrical five-membered chelate ring. The palladium(II) and platinum(II) complex molecules in (1) and (2), respectively, show a typical square-planar coordination geometry and form a dimeric structure through an intermolecular -stacking interaction between the quinolyl rings. The centroid-centroid distances between the stacked sixmembered rings in (1) and (2) are 3.633 (2) and 3.644 (2) Å , respectively. The cationic rhodium(III) complex in (3) has a cis(Cl),cis(P),cis(N) (OC-6-32) configuration of the ligands, in which two kinds of intramolecular -stacking interactions are observed: between the quinolyl and phenyl rings and between two phenyl rings, the centroid-centroid distances being 3.458 (2) and 3.717 (2) Å , respectively. The PF 6 À anion in (3) is rotationally disordered, the site occupancies of each F atom being 0.613 (14) and 0.387 (14) . The CH 2 Cl 2 and CH 3 OH solvent molecules are also disordered and equal site occupancies of 0.5 are assumed.
Chemical context
8-Quinolylphosphanes are an interesting class of ligands because they form a planar asymmetrical five-membered chelate ring via coordination through quinoline-N and phosphane-P atoms (Issleib & Hö rnig, 1972; Salem & Wild, 1992; Wehman et al., 1997) . The electronic differentiation of the donor groups, in particular their -bonding natures, may stabilize unusual electronic states of their transition metal complexes (Espinet & Soulantica, 1999) . In addition, the steric requirement from the quinolyl moiety often has a strong influence on the properties of their metal complexes. For example, the nickel(II) and palladium(II) complexes containing two 8-(diphenylphosphanyl)quinoline (Ph 2 Pqn) molecules with a cis(P) configuration showed a severe distortion of the square-planar coordination geometry around Ni II and Pd II as a result of the steric hindrance between mutually cis-positioned quinolyl groups (Suzuki, 2004; Hashimoto et al., 2010) . Several crystallographic studies have been performed for other Ph 2 Pqn complexes, as described in x4, but not for the platinum(II) and rhodium (III) (Hudali et al., 1979) , but the crystal structures of these complexes were not confirmed, except for [PdCl 2 (Ph 2 Pqn)]ÁCH 2 Cl 2 (Bastanov et al., 2009) . In particular, it is worthwhile to reinvestigate the rhodium(II) complex because it was prepared from RhCl 3 Á3H 2 O and Ph 2 Pqn in acetone (Hudali et al., 1979) .
Structural commentary
A yellow block-shaped crystal of the Pd II complex, (SP-4)-[PdCl 2 (Ph 2 Pqn)], (1), recrystallized from hot acetonitrile, was used for the X-ray diffraction analysis. The complex molecule ( Fig. 1 ) has a typical square-planar coordination geometry with a chelating Ph 2 Pqn ligand, whose P1-Pd1-N1 bite angle is 84.75 (6) . The quinolyl plane is almost co-planar to the Pd II coordination plane; the dihedral angle between these planes is only 8.58 (3) . The two Pd-Cl bonds show a significant difference in length [Pd1-Cl1 2.3716 (6) vs Pd1-Cl2 2.2885 (7) Å ], indicating a strong trans influence of the phosphane donor group. The corresponding Pd-Cl bond in cis(P)-[PdCl(Ph 2 Pqn) 2 ]BF 4 , which is also trans to the phosphane donor of Ph 2 Pqn, was similarly long at 2.375 (2) Å (Suzuki, 2004) . On the other hand, the Pd1-P1 bond [2.2026 (6) Figure 1 An ORTEP of the molecular structure of [PdCl 2 (Ph 2 Pqn)], (1), showing the atom-numbering scheme, with displacement ellipsoids drawn at the 50% probability level.
Figure 2
An ORTEP of the molecular structure of [PtCl 2 (Ph 2 Pqn)]ÁCH 2 Cl 2 , (2), showing the atom-numbering scheme, with displacement ellipsoids drawn at the 50% probability level.
Figure 3
An ORTEP of the complex molecule in (Bastanov et al., 2009) . The molecular structure of the Pt II complex moiety with a square-planar coordination geometry (Fig. 2) is very similar to the above Pd II complex in (1). The Pt1-P1 and Pt1-N1 bond lengths are 2.1963 (6) and 2.051 (2) Å , respectively, and the Ph 2 Pqn bite angle (P1-Pt1-N1) is 85. 44 (6) . The Pt1-Cl1 and Pt1-Cl2 bond lengths are 2.3747 (6) and 2.3002 (7) Å , respectively, also indicative of a strong trans influence of the phosphane donor group.
Pale yellow prismatic crystals of [RhCl 2 (Ph 2 Pqn) 2 ]PF 6 Á 0.5CH 2 Cl 2 Á0.5CH 3 OH (3) were analyzed by the X-ray diffraction method, and it was revealed that the complex cation has an octahedral coordination geometry with a cis(Cl),cis(P),cis(N) (OC-6-32) configuration (Figs. 3 and 4) . As a result of the strong trans influence of the phosphane donor, the two Rh-Cl and the two Rh-N bond lengths are significantly different from each other. The Rh1-Cl1 bond [2.3787 (6) Å ] is longer by 0.045 Å than Rh1-Cl2 [2.3338 (7) Å ], while Rh1-N1 [2.168 (2) Å ] is longer by 0.10 Å than Rh1-N11 [2.065 (2) Å ]. This fact suggests that the trans influence of the phosphane donor is much effective for the Rh-N(quinoline) bond rather than the Rh-Cl bond. Two slightly deviated Rh-P bond lengths [Rh1-P1 2.2897 (7) vs. Rh1-P2 2.2531 (8) Å ] seem to result from different steric congestion around the P donor atoms. The larger bond angle of P1-Rh1-P2 [100. 55 (3) ] than the ideal right angle is also suggestive of steric interaction between the two phosphane groups. However, the molecular structure of the complex cation (Fig. 3 ) also suggests an intramolecular -stacking interaction between the C27-C32 and C39-C44 phenyl rings. The centroid-centroid distance between these rings is 3.717 (2) Å . An other intramolecular -stacking interaction is also found between the N11/C12-C14/C20/C19 ring of the quinolyl substituent and the C21-C26 phenyl ring, the centroid-centroid distance being 3.458 (2) Å . These interactions could stabilize the cis(Cl),cis(P),cis (N) + , were reported to have the trans(Cl),cis(P) (OC-6-13) or cis(Cl),trans(P) (OC-6-33) configuration (Fig. 4) (Galsbøl et al., 1986) . If the trans(Cl),cis(P) configuration were assumed for the present Ph 2 Pqn complex, the molecule would have severe steric hindrance between the ortho-H atoms of the mutually cis-positioned quinolyl groups, as observed in the crystal structures of cis(P)-[Pd(Ph 2 Pqn) 2 ]X 2 (Suzuki, 2004) . The trans(P) configurations, i.e., trans(Cl),trans(P) (OC-6-12) and cis(Cl),trans(P) (OC-6-33), would be unfavorable due to the mutually trans disposition of the phosphane groups having a strong trans influence. The last configuration, cis(Cl),trans(N) (OC-6-22), cannot form an intramolecular stacking interaction between the aryl groups of the phosphanes. Therefore, the observed cis(Cl),cis(P),cis(N) geome- A view of the crystal packing of [PtCl 2 (Ph 2 Pqn)]ÁCH 2 Cl 2 , (2), illustrating the -stacking interactions between the complexes. Color code: Pt, purple; Cl, green; P, yellow; N, blue; C, black; and H, gray. trical isomer could be the most favorable from the steric and electronic points of views.
Supramolecular features
In the crystal structure of (1), there is an intermolecularstacking interaction between the quinolyl planes, forming an inversion dimer (Fig. 5) . The centroid-centroid distance between the N1/C2-C4/C10/C9 ring and the C5 i -C10 i ring of the neighbouring molecule [symmetry code:
The Pt II complex in (2) also forms an inversion dimer unit by an intermolecular -stacking interaction between the quinolyl rings of neighbouring molecules (Fig. 6) . The centroid-centroid distance between the N1/C2-C4/C10/C9 ring and the C5 ii -C10
ii ring of the neighbouring molecule [symmetry code: (ii) 1 -x, -y, 1 -z] is 3.644 (2) Å .
No remarkable intermolecular stacking or hydrogenbonding interactions are observed in the crystal structure of (3).
Database survey
The crystal structure of Ph 2 Pqn was reported previously (Nag et al., 2010 Canovese et al., 2010) . In addition, the crystal structure of [PdCl 2 (Ph 2 Pqn)]ÁCH 2 Cl 2 has been deposited (Bastanov et al., 2009) .
Synthesis and crystallization
The ligand, Ph 2 Pqn, was prepared according to a literature method (Feltham & Metzger, 1971; Aguirre et al., 2007) 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were refined using a riding model, with O-H = 0.84 Å and C-H = 0.95 (aromatic), 0.99 (methylene) or 0.98 (methyl) Å , and with U iso (H) = 1.2 or 1.5U eq (C,O) . During the refinement for (3), each F atom of the PF 6 À anion was found to have a large displacement ellipsoid elongated in the direction perpendicular to the P-F bond, which was attributable to rotational disorder of the anion over two positions. The occupancies of each F atom refined to 0.613 (14) and 0.387 (14). In addition, since the crystal structure of (3) contains a void accessible for a solvent molecule, disordered CH 2 Cl 2 and CH 3 OH molecules with equal probabilities of 0.5 were assumed. In the refinement, the P-F, C-Cl and C-O bond lengths and the Cl-C-Cl bond angle were restrained to be 1.55 (1), 1.75 (1), 1.42 (2) Å and 112.0 (2) , respectively. Rigid bond restraints were also applied for the disordered CH 2 Cl 2 and CH 3 OH molecules. 
Computing details
For all compounds, data collection: PROCESS-AUTO (Rigaku, 1998 ); cell refinement: PROCESS-AUTO (Rigaku, 1998) ; data reduction: CrystalStructure (Rigaku, 2010 ). Program(s) used to solve structure: SHELXS2013 (Sheldrick, 2008) for (1), (2); DIRDIF99-PATTY (Beurskens et al., 1999) for (3). For all compounds, program(s) used to refine structure:
SHELXL2013 (Sheldrick, 2015) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) ; software used to prepare material for publication: SHELXL2013 (Sheldrick, 2015) . C9-N1-C2-C3 3.4 (4) C3-C4-C10-C9 2.3 (4) Pd1-N1-C2-C3 −175.5 (2) C17-P1-C11-C12 28.7 (2) N1-C2-C3-C4 0.5 (4)
174.54 (17) Pd1-P1-C17-C22 −172.94 (17) C7-C8-C9-N1 −179.2 (2) C11-P1-C17-C18 −133.20 (19) P1-C8-C9-N1 −3.0 (3) C8-P1-C17-C18 112.7 (2) C7-C8-C9-C10 0.6 (3) Pd1-P1-C17-C18 1.0 (2) P1-C8-C9-C10 176.80 (18) C22-C17-C18-C19 1.0 (4) C6-C5-C10-C9 −0.9 (4) P1-C17-C18-C19 −173.1 (2) C6-C5-C10-C4 177.3 (3) C17-C18-C19-C20 −0.6 (4) N1-C9-C10-C5 179.9 (2) C18-C19-C20-C21 −0.4 (4) C8-C9-C10-C5 0.1 (3) C19-C20-C21-C22 1.2 (4) N1-C9-C10-C4 1.7 (3) C20-C21-C22-C17 −0.8 (4) C8-C9-C10-C4 −178.1 (2) C18-C17-C22-C21 −0.2 (4) C3-C4-C10-C5 −175.9 (3) P1-C17-C22-C21 173.7 (2) 119.7 (3) C17-C18-C19 119.9 (2) C3-C4-H4 120.1 C17-C18-H18 120.0 C10-C4-H4 120.1 C19-C18-H18 120.0 C6-C5-C10 121.0 (3) C20-C19-C18 120.5 (3) C6-C5-H5 119.5 C20-C19-H19 119.7 C10-C5-H5 119.5 C18-C19-H19 119.7 C5-C6-C7 120.5 (3) C19-C20-C21 119.6 (3) C5-C6-H6 119.8 C19-C20-H20 120.2 C7-C6-H6 119.8 C21-C20-H20 120.2 C8-C7-C6 120.8 (3) C22-C21-C20 120.4 (3) C8-C7-H7 119.6 C22-C21-H21 119.8 C6-C7-H7 119.6 C20-C21-H21 119.8 C7-C8-C9 119.3 (2) C21-C22-C17 120.4 (3) C7-C8-P1 126.0 (2) C21-C22-H22 119.8 C9-C8-P1 114.57 (17) C17-C22-H22 119.8
Special details
C9-N1-C2-C3 1.6 (4) C6-C5-C10-C9 1.0 (4) Pt1-N1-C2-C3 −177.6 (2) C17-P1-C11-C16 −147.98 (19) N1-C2-C3-C4 −0.5 (4) C8-P1-C11-C16 −34.3 (2) C2-C3-C4-C10 −0.7 (4) Pt1-P1-C11-C16 79.7 (2) C10-C5-C6-C7 −1.4 (4) C17-P1-C11-C12 38.9 (2) C5-C6-C7-C8 0.0 (4) C8-P1-C11-C12 152.6 (2) C6-C7-C8-C9 1.6 (4) Pt1-P1-C11-C12 −93.4 (2) C6-C7-C8-P1 −173.7 (2) C16-C11-C12-C13 0.0 (4) C17-P1-C8-C7 62.9 (2) P1-C11-C12-C13 173.1 (2) C11-P1-C8-C7 −51.1 (2) C11-C12-C13-C14 −0.1 (5) Pt1-P1-C8-C7 −174.9 (2) C12-C13-C14-C15 0.3 (5) C17-P1-C8-C9 −112.53 (18) C13-C14-C15-C16 −0.3 (4)
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